background: It has previously been reported that children born after infertility treatment had a slight delay in early motor milestones.
Introduction
In industrialized countries, 1-3% children are born after assisted reproduction technologies (ART) (Wright et al., 2005; Andersen et al., 2007) . It is known that children born after ART have a higher risk of a number of adverse perinatal outcomes, such as preterm birth (Helmerhorst et al., 2004; Jackson et al., 2004; Hansen et al., 2005) . However, most studies show no impairment in overall motor development among children born after ART compared with spontaneously conceived children (Bowen et al., 1998; Sutcliffe et al., 2001; Olivennes et al., 2002; Bonduelle et al., 2003; Leslie et al., 2003; Ponjaert-Kristoffersen et al., 2004; Ponjaert-Kristoffersen et al., 2005; Leunens et al., 2006; Knoester et al., 2007; Wagenaar et al., 2009) , but young age of the children at the time of assessment and methodological problems in the studies warrant continuing follow-up. In addition, we have previously reported a slight delay in some early motor developmental milestones among children born after infertility treatment (Zhu et al., 2009) . Other studies also found lower scores in motor subscales or visual-hand coordination among these children (Bowen et al., 1998; Sutcliffe et al., 1999; Belva et al., 2007; Knoester et al., 2007; Wagenaar et al., 2009) .
Developmental coordination disorder (DCD) is a diagnosis given to children with specific motor development problems. The typical manifestation is increased 'clumsiness' compared with their peers. This is one of the most common, although often undiagnosed, disorders, with an estimated prevalence of around 5% among school-age children (Polatajko and Cantin, 2005; Zoia et al., 2006; Lingam et al., 2009) . Children with DCD have difficulties with motor coordination in, for example, jumping, catching a ball, handwriting etc., compared with other children of the same age, and such difficulties interfere with activities of daily living. These children may show apparent deviations in early motor development, but DCD is usually not formally diagnosed until 5 years of age (Zoia et al., 2006) .
In this study, we examined whether parental infertility and infertility treatment were associated with the risk of DCD in children born in the Danish National Birth Cohort (Olsen et al., 2001 ).
Materials and Methods

Study population
The Danish National Birth Cohort was established to explore the potential impact of social, environmental and lifestyle factors during pregnancy and early childhood on the health and development of children (Olsen et al., 2001) . Women were recruited early in pregnancy by general practitioners and participated in four computer-assisted telephone interviews (two conducted at around 16 and 30 weeks of gestation, and two performed when the child was 6 and 18 months old). Almost all pregnant women in Denmark have their first pregnancy visit to their general practitioner between 6 and 12 weeks of gestation. At this visit, they received the invitation to participate in the study. About 50% of all general practitioners took part in the recruitment, and 60% of the invited women agreed to participate in the cohort.
When the children were 7 years old, a follow-up questionnaire about child health and development was filled out by the primary caregiver, on either paper or online. Letters were sent to the primary caregivers informing them on how they could either access the Web questionnaire or request a paper version. If no response was received within 4 weeks, two sequential reminders were mailed. The response rate for the 7-year follow-up was 60%, resulting in an overall participation rate of 36% if all invited women were considered. A total of 25 575 caregivers, mostly mothers, responded between February 2007 and March 2009, the period during which the Developmental Coordination Disorder Questionnaire (DCDQ) was included in the 7-year follow-up questionnaire. We linked the 7-year follow-up data with the first interview data and excluded twins, triplets and those with no data from the first interview (n ¼ 436, 2 and 1158, respectively). Of the remaining 23 979 responders, there were 21 328 caregivers whose children turned 7 years during the time period specified above (response rate 55%), and 2651 caregivers whose children had turned 7 years before February 2007 (late responders). Overall, 99.9% children were aged 7 years when their mothers responded to the follow-up questionnaire. We additionally excluded those with no or incomplete answers to the DCDQ (n ¼ 570). After further excluding children born after infertility treatments other than those considered (n ¼ 91) and children whose mother did not give information on treatment, pregnancy planning or time to pregnancy (TTP, n ¼ 151) (see details in the next section), we had data for 23 167 singleton children available for analysis.
Infertility and infertility treatment
In the first interview, administered around 16 weeks of gestation, women were asked if their pregnancy was planned, partly planned or not planned. If the pregnancy was planned or partly planned, women were further asked for how long they had tried to become pregnant (TTP). The TTP response categories included 'right away', 1 -2, 3 -5, 6 -12 and .12 months. Women who reported a TTP of 6 months or more were also asked if they or their partner had received any infertility treatment, and if yes, they could then choose from a list including ICSI, IVF, intrauterine insemination (IUI) and hormonal treatment (HT), or they could describe the treatment in their own words. If more than one procedure was reported, we classified the treatment according to the above sequence. In this study, we kept the four treatment procedures described above (ICSI, IVF, IUI and HT), and excluded all other treatments (n ¼ 91).
Finally, we classified couples into four categories: (i) 'fertile' if they had planned their pregnancy and conceived within 12 months with no treatment for infertility (n ¼ 14 928), (ii) 'untreated infertile' if they planned their pregnancy and conceived beyond 12 months, but received no treatment for infertility (n ¼ 1614), (iii) 'treated infertile' if they had been treated for infertility (n ¼ 1239; n ¼ 142, 381, 370 and 346 for ICSI, IVF, IUI and HT, respectively) and (iv) 'non-planners' if they did not plan their pregnancy and had not been treated for infertility (n ¼ 5386). The latter category also included couples who had partly planned the pregnancy (n ¼ 2867). Couples who reported having planned the pregnancy, but provided no information on TTP (n ¼ 135), who did not provide information on pregnancy planning (n ¼ 8) and who did not provide information about treatment (n ¼ 8) were excluded.
Developmental coordination disorder questionnaire
The DCDQ'07 version of the questionnaire (http://dcdq.ca) was included in the 7-year follow-up of the Danish National Birth Cohort since February 2007. The DCDQ is a brief parent questionnaire designed to screen for coordination disorders in children aged 5 -15 years. The DCDQ'07 version includes 15 items, and parents are asked to compare their child's motor performance with that of his or her peers using a 5-point Likert scale. It provides a standard method to evaluate a child's coordination in everyday, functional activities. A total score (15 -75 points) consists of the sum of each item (1-5 points), and a high score suggests no DCD. In this study, we a priori defined children with DCD or suspected DCD if they had a total score of 46 or below, the cut-off point for children aged 5 -7 years, as recommended on the DCDQ website.
Statistical analysis
We used logistic regression to calculate odds ratios (ORs) of having DCD (i.e. a total score of 15 -46) when comparing children of infertile couples, treated or untreated, with children of fertile couples. Covariates included maternal age at the time of childbirth (,25, 25 -29, 30 -34, 35þ years), parity (0, 1þ), smoking (yes, no) and alcohol intake during pregnancy (0, 1 -4, 5þ units per week), pre-pregnancy BMI (,18.5, 18.5 -24, 25 -29, 30þ kg/m 2 ), occupational status (five categories, see footnote to Table I ) and child's sex. Since 142 women contributed two children to the study, we used a robust variance estimator to calculate 95% confidence intervals (CIs) (Li and Wei, 1989) . By including preterm birth (,37 weeks of gestation) in the model, we checked whether preterm birth was associated with DCD and whether it mediated the association between infertility status and DCD. Gestational age was estimated on the basis of the date of last menstrual period, collected in the consent form, which was corrected on the basis of the information from the second interview (4.4%) and the Danish Medical Birth Register (0.6%) when necessary (Knudsen and Olsen, 1998; Zhu et al., 2004) . We also examined the relation between early major motor milestones, such as sitting and walking (collected in the fourth interview), and DCD. We used Stata/SE 9.1 for all analyses.
Results
Selected characteristics of parents and children are shown in Table I . Of infertile couples, whether they received infertility treatment or not, mothers were older and more often primiparous; and their children were more often born preterm. In the entire study population, there were 723 (3.1%) children with a total DCDQ score of 46 or below who were classified as having DCD.
Compared with children of fertile couples, children of infertile couples who conceived spontaneously showed a slightly elevated risk of DCD, but we saw no significant increase in the risk in children born after infertility treatment (Table II) . None of the individual treatment procedures was significantly associated with the risk of DCD. Children of couples who had not planned their pregnancy did not show any increase in the risk of DCD, either.
When we restricted our analysis to children of couples who planned their pregnancy and had no infertility treatment, we saw that a TTP of more than 12 months was significantly associated with increased risk of DCD, whereas there was no difference in the risk in earlier categories of TTP (Table III) .
Child's sex and preterm birth were significantly associated with the risk of DCD, but inclusion of these variables in the models did not change the estimates (data not shown). Excluding late responders yielded virtually the same results (data not shown).
Our analysis sample included 17 193 children whose parents had participated in the fourth interview and completed the motor milestones assessment at the age of 18-24 months. Children who were not able to sit alone at the age of 9 months or walk alone at the age of 16 months had a markedly elevated risk of testing positive for DCD (OR 5.23, 95% CI 4.20 -6.51 and OR 7.79, 95% CI 6.46 -9.40, respectively).
Discussion
In this follow-up of children born in the Danish National Birth Cohort, low fecundity was modestly associated with the risk of DCD, but the association did not reach statistical significance in the group of children conceived after infertility treatment.
We found that children conceived naturally, but with a waiting time of more than 12 months had a slightly higher risk of DCD. We also saw that children who had not achieved two major early motor milestones, such as sitting or walking alone, by a specified age had a substantially higher risk of DCD. The association between infertility treatment and DCD was positive, and the failure to reach statistical significance may be due to lack of power, which could also explain why most previous studies on motor development of children born after infertility treatment did not report a significant association (Bowen et *Occupational status: high (managers, professionals and technicians), medium (clerks, service and sales workers, skilled agricultural workers and craft workers) and low (unskilled workers). Bonduelle et al., 2003; Leslie et al., 2003; Ponjaert-Kristoffersen et al., 2004 Leunens et al., 2006; Knoester et al., 2007; Wagenaar et al., 2009) . Unfortunately, owing to the way the questions on TTP were asked, we did not have any further information about duration of TTPs longer than 12 months. In this study, all children, regardless of exposure and outcome, were followed up in a similar way from pregnancy to the time of contact. The enrolled women and their children were slightly healthier than the source population (e.g. more mothers who participated were nonsmokers and had a BMI of 18.5 -24.9 kg/m 2 ; fewer children among participants were born preterm or small-for-gestational-age), but this does not impair the internal validity when, for example, estimating the effect of IVF treatment on the risk of preterm birth (Nohr et al., 2006) . About 60% of parents participated in the 7-year follow-up, which would result in selection bias if participation depended on both TTP and the DCD status of the child. However, the proportion of children born after a TTP .12 months or infertility treatment in the 7-year follow-up was 12.6%, similar to 12.3% in terms of pregnancies among those participating in the first interview. Furthermore, when we repeated the analyses on the association between TTP and developmental milestones among children who participated in both the fourth interview and the 7-year follow-up, the results were similar to what we had previously reported (Zhu et al., 2009 ) (data not shown), suggesting no substantial selection bias.
The information on TTP and infertility treatment was reported around 16 weeks of gestation. Although TTP reported by women is subject to inaccurate recall after several years (Cooney et al., 2009) , it is likely that short-term recall is better, and the women in this study had to report TTP no later than 6 months into the pregnancy. A validation study on infertility treatment reported that there was a good agreement between women's reports and information from the Danish IVF Register and Danish Drug Prescription Register (sensitivity of 83% and specificity of 99%) .
DCD is diagnosed in children who, for no known medical reasons, fail to acquire adequate motor skills, which interferes with academic achievement and activities of daily living (Zoia et al., 2006; Lingam et al., 2009) . It is suggested that with a population-based sample, the 5th percentile of an individually administered motor coordination test is the standard measure of severe motor coordination difficulties, and children scoring between the 5th and 15th percentile are considered at risk of probable difficulties (Wright and Sugden, 1996; Kadesjo and Gillberg, 1999; Lingam et al., 2009) . Using two inclusion criteria (one based upon the percentiles and the other based upon significant interference with academic achievement or activities of daily living) would result in 1.5 -2.0% defined as severe cases and 2.5 -3% as probable cases (Wright and Sugden, 1996; Lingam et al., 2009) . The DCDQ was developed about one decade ago, and the latest version, DCDQ'07, has been judged to be a valid clinical screening tool for DCD (Wilson et al., 2000 (Wilson et al., , 2009 . Functional home and school tasks are included in the questionnaire. Receiver operating characteristic curves were used to select the age-specific cut-offs, and a total score of 46 or below gives a sensitivity of 75% and specificity of 71% for children aged 5-7 years (Wilson et al., 2009 population appears reasonable, given that our study population is slightly healthier than the general population. We did not exclude children with, for example, cerebral palsy or mental retardation, but studies show that exclusion of children with an intelligence quotient of ,70 or a known neurologic diagnosis does not significantly alter the prevalence of DCD (Lingam et al., 2009) . Low fecundity may be modestly associated with the risk of DCD, but nothing in this study indicates an increased DCD risk related to ART. Parents of children with a delay in early motor development should be encouraged to seek early intervention, since task-oriented approaches have provided promising results (Polatajko and Cantin, 2005) . 
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